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The Significance of Naturally Occurring Antithyroid 


Compounds in the Production of Goiter in Man 
Monte A. Greer, M.D. 


INTRODUCTION 


Diseases of the thyroid gland are more common than those of any other 
endocrine organ, including the pancreas. Of these disorders, simple goiter, or 
non-toxic thyroid enlargement, is by far the most prevalent. Our current con- 
cepts of thyroidal pathophysiology allow the formulation of a generally accepted 
mechanism by which the process occurs. 

The adenohypophysis or anterior portion of the pituitary gland, through its 
secretion of thyrotropin (TSH), a thyroid-stimulating hormone, controls the 
thyroid gland. The interrelationship of the two organs is such that the pituitary, 
along with its adjacent parts of the central nervous system, functions as a ther- 
mostat, the thyroid as a furnace. This servomechanism permits the maintenance 
of a stable level of circulating thyroid hormone, principally thyroxine. Thus, 
any situation in which the amount of circulating thyroxine is increased will 
inhibit the secretion of TSH by the pituitary. Conversely, a decrease in blood 
thyroxine leads to an increase in TSH output, which in turn stimulates the thy- 
roid gland to enlarge and become more efficient. 

Any situation which predisposes to lower levels of circulating thyroxine 
will thus be potentially goitrogenic. In some cases, this may be due to lack of 
raw material, as in iodine deficiency. In others, it may be due to some bio- 
synthetic defect within the thyroid gland itself. This defect may be an inherited 
“inborn error of metabolism’’;61 it may be acquired through an infectious or 
autoimmune process;14 or it may be exogenously produced by the ingestion of 
some pharmacologic agent.3 

The hypertrophy of the thyroid and its increased efficiency in extracting 
iodine from the blood and converting it to thyroid hormone is such a satisfactory 
compensatory mechanism that only rarely does actual hypothyroidism develop. 
In almost all instances, a euthyroid state is maintained and the goiter does not 
gtow beyond the size necessary to preserve a stable level of thyroxine in the 
milieu interteur. 

Iodine deficiency is now accepted as the chief cause of endemic goiter 
throughout the world.60 There is, however, a residue of goiter in 3-4% of 
the population of nonendemic areas and of endemic areas where the more marked 
incidence of this disease has been reduced by prophylactic administration of 
iodized salt.56, 63 

The cause of such “sporadic” thyroid enlargement is still uncertain, but 
inheritance appears to play an important role. Approximately 50% of goitrous 
patients have one or more close relatives who are also so afflicted. In a few 












































cases, a genetically determined biosynthetic defect in the formation of thyroid 
hormone has been detected.61 In the majority of instances, however, it has not 
yet been possible to demonstrate any such cause. It has been postulated that 
because of the high familial incidence, many goiters may be the result of bio- 
synthetic defects which are easily compensated for and are too slight to permit 
detection by the investigative methods currently available. These inherited minor 
biochemical aberrations may not lead to any thyroid enlargement under normal 
conditions. However, afflicted individuals would be expected to be more sus- 
ceptible to very slight goitrogenic stimuli than their more fortunate normal 
counterparts. 


GOITROGENIC FOODS 


One of the older theories of the etiology of goiter is that ‘‘noxious” sub- 
stances are present in various articles of the diet which exert a positive goitro- 
genic action.23. 17 Around the turn of the last century scattered reports began 
to appear that certain diets would produce thyroid enlargement, but the data 
does not appear convincing to us today. The first major breakthrough came in 
1928, when Chesney, Clawson, and Webster at Johns Hopkins found that rab- 
bits in a colony they were maintaining for other purposes began to develop 
extremely large goiters during their stay in the laboratory.11 After investigating 
other factors which might be responsible, they concluded that the goiter was 
produced by the diet of cabbage which the rabbits were fed.68 

Other investigators quickly extended the studies of the Baltimore group. 
Although most of them were able to confirm the goitrogenicity of cabbage,43: 
45, 9,10 others were unable to detect any thyroid enlargement in what seemed 
to be identical experiments.58, 32. 69 

Hercus and Purves in New Zealand were among those unable to produce 
significant goiter by feeding cabbage, but they did not immediately abandon 
their studies. Believing that the goitrogenic principle of cabbage might be a 
glycoside, they turned to the seeds of these plants, where the glycoside content 
is much higher than in the edible portions. Cabbage seed, rape seed, and steamed 
black or white mustard seed were all found to produce pronounced thyroid en- 
largement when fed to rats over a one-month period.31 Since these plants all 
belong to the mustard family (Brassicaceae, Cruciferae), the term brassica seed- 
goiter is commonly used in referring to the above and similar experiments. 

The New Zealand investigators also noted that an outbreak of congenital 
goiter had been reported in lambs of ewes that had been fed for two years with 
a winter supplement of turnips. The iodine content of the soil where the sheep 
were pastured was quite low and it was believed that the turnip supplement 
(since turnip is a crucifer) contained a goitrogen which would lead to the 
development of thyroid hyperplasia if superimposed on a state of iodine defi- 
ciency. To test this theory, different batches of turnips were fed to rabbits over 
a two-year period. Activity was found in only one batch, but rabbits fed these 
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turnips for 60 days developed thyroids weighing over one gram. This was activity 
“equal to the most potent cabbage of Chesney and Webster.” 

Further investigations of Brassica seed were made by Kennedy and Purves.37 
They found that seeds of rutabaga, rape, soft turnip, hard turnip and chou 
moellier when fed to rats would produce 3- to 4-fold thyroid enlargement even 
though the iodine intake was adequate. 

Plants other than the Cruciferae have also been reported to cause the de- 
velopment of goiter. McCarrison46 found that soy beans and peanuts would 
produce a 3-fold thyroid enlargement in rats when fed for a three-month period. 
A diet containing 75% unprocessed soy flour was also found to produce con- 
siderable thyroid enlargement in rats, but again the feedings had to be continued 
for weeks in order to obtain a significant effect. Various other foods, mostly 
brassicaceous, have been reported to cause thyroid enlargement in laboratory 
animals (see Table I). 


TABLE I 


VEGETABLES FOUND TO BE GOITROGENIC IN LABORATORY ANIMALS 


FOOD AUTHOR DATE 
ND noe eee ememieR eee Chesney, Clawson and Webster ...... 1928 
Brussels sprouts and cauliflower ...... Marine, Bauman and Cipra ......... 1929 
PE Bh cccvdcccccncecesanesens BP vnccoccsecsecsconmendaneane 1933 
Soy bean and peanut .............. iso ke x ccedctosimssainnes 1933 
Turnip and seeds of mustard, 

rape and cabbage ............. Hercus and Purves ..........seee00. 1936 
BD obec cvcnnvscecusducawusaces ND se dcccccccccavssnensdaannes 1940 


Seeds of rutabaga, chou moellier, 
soft and hard turnip ............ Kennedy and Purves ............0.. 1941 


Kale, mangel, red cabbage, 
re DD css caeseceseeeneesauneasuns 1942 


There is a possibility of considerable error in attempting to interpret the 
results of experiments on laboratory animals with regard to their possible sig- 
nificance in the etiology of simple goiter in man. It is well known that there 
may be a marked variation in the response to a given goitrogen in different 
species. For instance, propylthiouracil is eleven times more potent than thiouracil 
in the rat but only three-fourths as active in man. 

Since it is obviously impractical to attempt to produce goiter in human 
volunteers by prolonged ingestion of foods suspected of contributing to thyroid 
hyperplasia, a rapid screening method previously devised by Stanley and Ast- 
wood62 for testing the potency of antithyroid drugs was utilized. Radioiodine 
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was given to fasting patients and the rate of accumulation of radioactivity over 
their thyroid glands determined by external counting. Once this rate had been 
established, the subjects were instructed to eat as much and as rapidly of a 
certain foodstuff as they could. Any appreciable inhibition of the thyroidal 
accumulation of radioiodine detected in this manner indicated an antithyroid, 
or goitrogenic, effect. 

With this technique it was determined that turnips and particularly ruta- 
bagas had a strong antithyroid effect in man, whereas no consistent activity could 
be detected in other Brassicae, including cabbage.25 Certain other foods, such 
as peaches, pears, strawberries, spinach, and carrots also seemed to produce 
some inhibition of radioiodine accumulation. In later studies, however, we have 
been unable to confirm the presence of antithyroid activity in these foods. With 
rutabaga and turnip there can be no question since a potent antithyroid com- 
pound, goitrin, has actually been isolated from them.5 

Clements has noted that, contrary to expectations, the incidence of goiter 
in the school children of Tasmania increased between 1949 and 1954, following 
the introduction of a program of iodine supplementation in the schools.12. 13 
During this same interval there was a considerable increase in milk consumption 
by these children, due to free government distribution. To meet the extra demand 
for milk, a number of changes were made in the dairy practice of Tasmania. 
They included a great increase in the production of the brassicaceous forage 
crop, chou moellier (marrow-stem kale). This kale-like plant was extensively 
utilized for planting during the winter since it is more hardy than the common 
pasture crops. Milk from chou moellier-fed cows inhibited the radioiodine up- 
take in several tests in humans, whereas milk from pasture-fed cows appeared 
inactive. On the other hand, Greene ef al.22 were unable to find any significant 
antithyroid activity in milk from cows fed either marrow-stem kale or hay, 
although a transient dip in thyroidal radioiodine uptake was seen in human 
volunteers immediately after ingestion of both types of milk. 


ANTITHYROID COMPOUNDS FOUND IN FOOD 


A variety of chemical materials have been found to possess goitrogenic 
properties.4 There are two main classes of these compounds. Thiocyanate and 
related monovalent anions inhibit the concentration of inorganic iodide ion by 
the thyroid and thus decrease the formation of thyroid hormone by preventing 
ready access of raw material to the thyroid for synthesis. The larger class of 
goitrogenic materials apparently acts at steps beyond the concentration of iodide 
and primarily inhibits the oxidation of inorganic iodide and, thus, its subsequent 
incorporation into tyrosyl radicles. The coupling of two iodinated tyrosine mole- 
cules to form thyronine derivatives, of which thyroxine and 3, 5, 3’ tri-iodo- 
thyronine are the most important physiologically, is also decreased. Recent evi- 
dence has indicated that coupling and di-iodination of tyrosine are inhibited 
by much lower concentrations of antithyroid materials than is the monoiodina- 
tion of tyrosine.57- 53, 34 
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The chemical nature of the drugs in this latter group is more diverse than 
had originally been suspected. The initial studies had indicated that such ma- 
terials were related to either aniline or thiourea. A variety of other materials, 
chiefly phenol derivatives but also including inorganic salts such as cobaltous 
chloride, have been shown to decrease the formation of thyroid hormone under 
appropriate circumstances.4 

Thus, a variety of chemical materials possesses the ability to interfere with 
thyroid hormone formation. Any one of these known, or as yet unknown, classes 
of compounds may be present in foodstuffs and be potentially goitrogenic in 
man. To date the number of such materials actually isolated from edible foods 
has been quite limited. 

Shortly after the initial reports on the goitrogenicity of cabbage, Marine 
and his co-workers43 instituted an intensive study into the nature of the goitro- 
genic material contained therein. Since the most characteristic compounds of the 
crucifers are the mustard oils, several of these were tested first.44 They were 
found to be inactive. Attention was then directed to the cyanides, which are 
also important constituents of these plants. All such compounds tested produced 
thyroid hyperplasia to varying degrees. Methyl cyanide, the least toxic, had the 
greatest effect while the aromatic nitriles had the least. Subsequent investigators 
generally have been unable to confirm the antithyroid activity of the cyanides. 
However, any activity which these compounds might have could be related to 
their metabolic conversion to thiocyanate in the body. 

The early studies of cabbage goiter in rabbits had indicated that although 
iodine deficiency was not the cause of the thyroid enlargement, added iodine 
would prevent the development of thyroid hypertrophy. If goitrous animals 
were given iodine in the form of Lugol’s solution, the animals became hyper- 
active, lost weight, and finally died in extreme emaciation.11 There was a con- 
comitant decrease in the size of the goiter and an increase in the metabolic rate. 
“Jodbasedow,” or iodine thyrotoxicosis, thus had been produced in the rabbits. 
The administration of Lugol’s solution to normal rabbits only transiently lowered 
their metabolic rate. 

In the later studies on Brassica seed goiter by the New Zealand group, how- 
ever, it was found that as much as 1 mg. of iodide daily given by subcutaneous 
injection would only partially inhibit the thyroid enlargement caused by a goitro- 
genic rape seed diet.37 

Conflicting reports have also been made concerning the effect of iodine on 
the goitrogenesis produced by soybeans. McCarrison found that even though 
young rats ingested approximately 2 mg. of KI daily, 1 gm. of soy beans daily 
would produce thyroids three times normal size.46 Sharpless55 and Wilgus,70 
on the other hand, found that added iodine would abolish the thyroid-stimu- 
lating effect of soybeans. Halverson3° reported that supplying the minimal daily 
iodine requirement to rats would inhibit completely the goitrogenicity of this 
vegetable. 













































The pathogenesis of Brassica seed goiter was carefully studied by the New 
Zealand group.28- 50 They discovered that hypophysectomy or thyroxine admin- 
istration would prevent thyroid hypertrophy. Iodine and diiodotyrosine, how- 
ever, would equally modify the effect of a rape seed diet on the basis of their 
iodine content, but would not completely abolish its goitrogenicity even in large 
doses. The thyrotropin content of the serum of the normal animals on this diet 
was raised to the same level as that induced by thyroidectomy.29 Thyroidectomy 
cell changes were also found in the anterior pituitary.27 

These observations all pointed to the primary mechanism of the Brassica 
seed being an interference with the normal production of thyroxine. This in 
turn stimulated an increased output of thyrotropin by the pituitary. Increased 
circulating thyrotropin and resultant goitrogenesis continued until the diet was 
changed or hypophysectomy was performed. 

A similar mechanism of action has been found to exist for most organic 
antithyroid compounds.6- 42 Thus, one might expect that the material respon- 
sible for such goitrogenic activity would be related to one of the known classes 
of antithyroid materials. 

An antithyroid compound has been identified in the seeds of most Brassicae 
and in the edible portions of some of them.5 The structural formula of this 
substance, goitrin, has been established as (-)-5-vinyl-2-oxazolidinethione.5.15.38 
It is closely related to antithyroid drugs currently employed clinically in the 
treatment of thyrotoxicosis, particularly to methimazole. 

Goitrin is formed from the hydrolysis of a thioglycoside precursor, pro- 
goitrin.24, 54,40 Progoitrin is closely related to the numerous other mustard 
oil thioglycosides contained in this family. Progoitrin is present, too, in very 
high concentration in the seeds of some species, in some cases approaching three 
per cent. So far it has been detected in significant quantities in the edible portions 
of only rutabagas and white turnips, however. Amounts of goitrin ranging from 
5 to 40 mcg/gm have been reported recently in cabbage, kale, rape, and other 
plants.2, 66 





N—OSO,- 
H,O 
| Myrosin 
OH 
PROGOITRIN 


c=S 


GOITRIN 












































ly 


oaoOoea 


A large number of individual thioglycosides related to progoitrin have been 
isolated and identified, but less than a half dozen of these have been shown to 
give rise to substances that are potentially goitrogenic upon hydrolysis.33, 39 
Apparently, as with progoitrin, the aglycone of all the goitrogen precursors 
possesses a secondary alcohol group which favors cyclization after hydrolysis to 
form the active antithyroid material. 

Gmelin and Virtanen have recently described an alternative pathway in the 
hydrolysis of the mustard oil thioglycosides.21 Rather than the aglycone invari- 
ably undergoing a Lossen rearrangement to form isothiocyanate derivatives as 
elucidated by Ettlinger and Lundeen,16 an alternative rearrangement to form 
a thiocyanate may occur in some cases. It is possible that some of these thio- 
cyanates may be goitrogenic. 

Jirousek35, 36 also has described the presence of polysulfides in different 
brassicaceous vegetables. These compounds have a weak antithyroid effect. They 
were found in higher concentration, particularly as sulphhydryl material, in the 
plants of an endemic goiter area compared to those of a geographically similar 
goiter-free region. The changes in the sulphhydryl content of the material varied 
at different seasons and with the amount of rainfall. These findings correspond 
to older reports about the goitrogenicity of plants during those times,23 i.e., 
more activity during the fall and winter and during periods of high rainfall. 
Jirousek did not believe that the sulphhydryl material itself could be the active 
goitrogen but thought that it might be utilized by the plant in synthesizing the 
active principle.36 He quoted Sedlak as finding that cabbage grown in nutrient 
solution with increasing amounts of sulfate will have increasing amounts of 
sulphhydryl material and increasing goitrogenicity. 

Bachelard and Trikojus? have found that cheiroline (CH3SO,CH,CH,NCS) 
is present in fairly high concentration in the seeds and leaves of Rapistrum rugo- 
sum, a cruciferous weed present in the pasturelands of Tasmania and Queensland. 
Upon finding that cheiroline has some antithyroid activity in rats, they inferred 
that it may play some role in the continued high incidence of goiter in those 
areas, particularly in the goitrogenicity of Tasmanian milk, as reported by 
Clements.13 

Thiocyanates are also well-known constituents of the cabbage family. Added 
iodide will completely prevent the goiter caused by both cabbage and thiocy- 
anate, whereas it will only partially reduce that caused by Brassica seeds. Thus, 
it is possible that the goitrogenicity of some of the crucifers may be related to 
their thiocyanate content. Michajlovskij and Langer47 found that the thiocyanate 
content was considerably higher in Brassicae than in other vegetables tested. 
Langer41 also found that kohlrabi and kale would depress the radioiodine up- 
take of rabbits while producing a striking rise in their serum thiocyanate content. 
However, he considered that although thiocyanate may be a cause of the strumi- 
genic effect of these vegetables, ‘‘some other factor must likewise be present.” 

Srinivasan et al.59 recently reinvestigated the goitrogenic action of peanuts 
and confirmed, in small groups of animals, the original findings of McCarrison. 















































No goitrin or cyanogenetic glycosides were found in the peanuts. The diets had to 
be continued for seven weeks for a very pronounced effect to occur and the goitro- 
genecity was overcome by small amounts of added iodide. Since peanut meal 
containing red skins was apparently more goitrogenic than depigmented meal, 
these investigators then administered a glycoside (arachidoside) prevalent in 
the skin. They found that it was a weak goitrogen when administered for long 
periods of time and that its effect could be negated by small amounts of added 
iodine.48 

The nature of the goitrogen is soybeans has not yet been elucidated. From 
the evidence already cited, it would appear that, since minimal quantities of 
iodine appear to inhibit the thyroid enlargement caused by this plant, any effect 
obtained may be due solely to iodine deficiency. Recent studies in our laboratory 
tend to support this concept. No difference could be detected in the goitrogen- 
icity of a Remington low iodine diet or one containing 60% soy flour when fed 
to rats for a one-month period. Also, the radioiodine uptake and percentage 
of various iodinated amino acids in the thyroids of animals on the two diets were 
indistinguishable. 

On the other hand, Van Middlesworth64 and Beck8 found that there is an 
increased fecal loss of thyroxine in soy-fed rats. Van Middlesworth assumed 
that this might cause thyroid hypertrophy by depleting the body stores of thyroid 
hormone with resultant increased secretion of TSH to maintain homeostasis. 
The excess thyroxine in the feces did not appear due to increased biliary secte- 
tion or to addition of thyroxine to the gut from any other source. Nor was any 
chemical alteration attributable to the soy flour demonstrated in biliary or gut 
thyroxine which would interfere with its reabsorption. The increased fecal thy- 
roxine might, therefore, be due to some other upset of the absorption process. 
It might be the result of accelerated transport due to the bulk of the diet or a 
specific effect of a soy flour factor on mucosal function.8 


CLINICAL 


A variety of chemical constituents of foodstuffs have been proposed as sub- 
stances which may contribute to the incidence of either endemic or sporadic 
goiter. Isolated instances have been reported of people with a marked craving 
for rutabaga, cabbage, or other vebetables who also develop goiter. Occasionally, 
a fairly good case can be made for incriminating the foodstuff as an etiologic 
agent in the development of the thyroid enlargement.18 Such correlation, how- 
ever, is rare. In the majority of patients with simple goiter it is impossible to 
connect their affliction with any dietary aberration. 

The lack of adequate food during World War II shifted the dietary habits 
of certain countries. In general, where an increased consumption of crucifers 
occurred, there was an increase in the incidence of simple goiter and a decrease 
in the incidence of thyrotoxicosis.23 These shifts in disease incidence and dietary 
habits may be more coincidental than related. Nevertheless, it is possible that 
increasing consumption of goitrogenic foods could have this expected effect. 
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Certainly there is considerable evidence that naturally occurring antithyroid 
materials play an important role in animal husbandry. In countries such as Swe- 
den, pressures of World War II caused a shift to greater use of rape seed meal 
and other brassicaceous products in the feeding of livestock and poultry. De- 
creased growth rate and thyroid enlargement consequent to this practice are well 
documented. Indeed, a good deal of effort has been expended in developing 
methods of removing the noxious materials from these cheap food sources.1/19.51,49 

Until very recently it had been assumed that only raw progoitrin-containing 
foods were potentially goitrogenic. The initial studies on the effect of these foods 
on radioiodine uptake in man had indicated that very little potency was possessed 
by cooked foods.25 Subsequently it was discovered that the active agent was 
goitrin, liberated from progoitrin during enzymatic hydrolysis by myrosinase. 
Myrosinase is a thioglycosidase presumably contained only in crucifers or related 
plant sources. Heating destroyed it in the plants before hydrolysis of the pro- 
goitrin could occur. Therefore, it was assumed that cooking before eating would 
make the foods “safe” for consumption. 

It has now been found that pure progoitrin can be converted into goitrin 
in vivo without the participation of exogenous myrosinase.26 It thus appears 
that thioglycosidase activity is present in non-plant sources. As yet, myrosinase 
activity has been demonstrated only in fungi,52 but Goodman et al.20 have de- 
scribed an ubiquitous mammalian thioglycosidase, also present in Tetrahymena 
pyriformis and E. coli. This thioglycosidase has properties and substrate speci- 
ficity very similar to myrosinase. 

Our own studies in the rat have not revealed any enzymes capable of hydro- 
lyzing progoitrin in tissues other than the gastrointestinal tract. However, we 
have found activity in the stomach, small intestine, caecum, and large intestine 
and their respective contents. The contents consistently seem to have higher 
activity than the gastrointestinal tissue itself, particularly those of the large 
intestine and caecum. Feces are particularly active. High activity also has been 
found in human feces, while human saliva, stomach washings and ileal contents 
have been inactive. 

Several bacteria that commonly inhabit the large intestine in man will hy- 
drolyze progoitrin to goitrin in vitro. The experimental results so far, however, 
have been too erratic to permit adequate study. It appears that the pH optimum 
of gastrointestinal myrosinase and that from plant sources is almost identical. 

Progoitrin is converted quantitatively to goitrin when given orally in man. 
In the rat, although in small doses oral progoitrin exerts more antithyroid ac- 
tivity than intraperitoneal, large doses administered intraperitoneally are more 
effective. Since large doses of oral progoitrin produce diarrhea in rats it is 
possible that most of the drug is eliminated before hydrolysis and absorption 


can take place. 

Preliminary studies with isolated loops have indicated that progoitrin is 
absorbed quite rapidly from all parts of the intestinal tract of the rat. Since the 
appearance of goitrin in blood and urine ia man is quite slow after an oral dose 
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of progoitrin, maximum blood levels and urinary excretion being reached at 
approximately 24 hours, it is possible that the progoitrin reaches its actual site 
of hydrolysis by a rather devious route. It may be absorbed first from the upper 
gastrointestinal tract and then resecreted from the blood into the lower gastro- 
intestinal tract or perhaps arrive there through an enterohepatic circulation. 
Hydrolysis may take place only after its final arrival in the large intestine. It 
seems definite that progoitrin as such is readily absorbed from the intestinal tract 
since it begins to appear fairly promptly in the urine, and considerably before 
goitrin can be detected. 

As mentioned earlier, Clements and Wishart1? have postulated that an active 
antithyroid agent, presumably goitrin or a related substance, is ingested by 
cows fed a brassicaceous diet. This material is then supposedly transferred to the 
milk where it can be ingested by human consumers in sufficient quantity to be 
goitrogenic. 

However, Virtanen et al,66. 67 have found that only 0.05% of goitrin fed 
to cows was recovered in the milk. This occurrred whether the goitrin was fed 
as marrow kale or green rape or as crystalline goitrin. When progoitrin was fed, 
practically no goitrin was found in the milk. Most of goitrin appeared in the milk 
within two hours and practically none was found after 24 hours. Virtanen’s 
findings indicate that cows fed on cruciferous plants would not have a content 
of goitrin in the milk above 100 mcg/liter. Therefore, this form of ingestion 
of goitrin could not play a significant role in the etiology of goiter in man. 

Wright71 found that there was a slight discharge of radioiodine from the 
thyroid glands of propylthiouracil-treated rabbits when the milk of kale-fed 
goats was given. Although his data are not very convincing, they suggest that 
there may be some sort of thiocyanate-like material which is transmitted in the 
milk. 

One would expect a low radioiodine uptake in a patient whose goiter was 
related to the ingestion of naturally occurring antithyroid compounds. However, 
most patients with recently developed simple goiters have either relatively high 
or normal uptakes. Recent studies by Slingerland57 and Richards and Ingbar53 
have shown that very small doses of propylthiouracil will selectively inhibit the 
diiodination and coupling of tyrosine radicles to form thyroxine while the mono- 
iodination of tyrosine is affected only at higher dose levels. The radioiodine 
uptake may actually be elevated above control values although there is inhibition 
of diiodotyrosine formation. 


These results suggest that the chronic ingestion of very small amounts of 
goitrin or related materials may subtly alter normal hormonal biosynthesis so 
that radioiodine uptake may be normal or high and circulating levels of thyroid 
hormone normal, but that an enlarged and more efficient thyroid might be 
required to maintain a euthyroid state under these conditions. The goitrogenic 
effect of tiny quantities of antithyroid material would be expected to be more 
severe if only the minimal requirement of iodine were available in the diet. 














































te 
Cr 


Rare cases of goiter in infants receiving soybean milk have been reported. 
Van Wyké65 has recently presented evidence that soy milk may occasionally 
depress the radioiodine uptake or the secretion of thyroid hormone in man. 


SUMMARY 


Certain plants, particularly those of the mustard family, contain antithyroid 
compounds in their edible parts. The goitrogenic materials are present as inactive 
thioglycoside precursors. These thioglycosides can be hydrolyzed enzymatically 
to liberate the active aglycone. At present goitrin appears to be the naturally 
occurring antithyroid substance with greatest pathogenetic significance for man. 
Contrary to earlier misconceptions, hydrolysis of the thioglycosides can be 
accomplished by endogenous enzymes concentrated in the gastrointestinal tract. 
Both raw and cooked foods containing these compounds are thus potentially 
goitrogenic. 

Other antithyroid substances, such as thiocyanates, are present in certain 
foods, but their goitrogenicity can be overcome by the addition of iodine to the 
diet. Added iodine will only partially inhibit the thyroid hypertrophy caused 
by goitrin, however. 

Since a relatively small number of foods have been intensively studied to 
date, it is quite probable that other naturally-occurring goitrogenic materials, 
perhaps of an entirely different nature, will be forthcoming. 
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